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ABSTRACT

Pressure distribution tests at supersonic and hypersonic
speeds were conducted in the von Karman Gas Dynamics Facili-
ty (VKF), Arnold Center, Air Force Systems Command on
AGARD Model E, a hemisphere cylinder configuration.

Various experimental data concerning the aerodynamic
characteristics of blunt nosed bodies are available; however,
relatively few sources present findings over a wide Mach num-
ber range. The present investigations, stimulated by the need
for applicable experimental data to compare with the predictions
of various theories, were conducted at Mach numbers 2 through
8 over a Reynolds number range from 0.17 x 108 to 0.51 x 106
per inch.

This report presents a comparison of experimental results
with available theoretical predictions of pressure distributions,
pressure drag, shock wave shapes, and bow shock wave detach-
ment distances.
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NOMENCLATURE
1
. CDp Pressure drag coefficient, j;) Cp d(r/ ro)2
Cp Pressure coe\fficient, -piq:—g‘?i-
cpmax Pressure coefficient at stagnation point
d Model diameter, in.
M, Free-stream Mach number
Po Stilling chamber pressure, psia
Px Local static pressure, psia
Po Free-stream static pressure, psia
de Free-stream dynamic pressure, psia
r Orifice coordinate defined by Fig. 3, in.
ry Hemispherical nose radius, in.
R Shock wave coordinate defined by Fig. 3, in.
Re Reynolds number
To Stilling chamber temperature, °R
b Distance in axial direction measured from forward
stagnation point, in.
) Detachment distance of bow shock wave, in.
6 Angular dimension on hemispherical nose
measured with respect to the model axial
centerline, deg .
y Ratio of specific heats for air
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INTRODUCTION

In support of present day trends toward blunted aerodynamic shapes
for supersonic and hypersonic speeds, various approximations have been
developed to describe the flow characteristics about bodies with blunted
leading edges. Certain theories are widely known and accepted for use
in the derivation of pressure distributions and pressure drag coefficients
over spheres and other blunt shapes, while other approximations deal
with shock wave shapes and bow shock wave detachment distances. There
is, however, a shortage of applicable experimental data which in turn
precludes a comparison of theoretical methods with empirical results to
determine which theoretical procedures best predict the characteristics
of blunt-nose bodies. A test program was initiated to provide experi-
mental data for comparison with theoretical predictions of pressure dis-
tributions, pressure drag, shock wave shapes, and bow shock wave
detachment distances as applied to the axisymmetric blunt body problem.

Tests were conducted on AGARD Model E in the VKF 40 by 40-inch
supersonic wind tunnel (Tunnel A) and in the 50-inch-diam hypersonic
tunnel (Tunnel B) at the Arnold Engineering Development Center. Pres-
sure distribution and bow shock wave shapes were obtained at Mach
numbers 2, 3, 4, 5, 6, and 8 at zero angle of attack. Reynolds numbers
for these tests varied from 0.17 x 106 t0 0.51 x 106 per inch.

A comparison of experimental results of pressure distributions,
pressure drag, shock wave shapes, and bow shock wave detachment dis-
tances with the predictions of various theories are presented in this

report.

APPARATUS

WIND TUNNELS

The 40 by 40-in. tunnel (Tunnel A) shown in Fig. 1 is a continuous,
closed circuit, variable density, supersonic wind tunnel with a Mach
number range from 1.5 to 6. Variations in Mach number are produced
with flexible plates which are automatically positioned at the desired
contour by electrically driven jack units. A complete description of
Tunnel A may be found in Ref. 1.

Manuscript released by author July 1961.
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Tunnel B (Fig. 2) is an axisymmetric, continuous-flow, variable
density, hypersonic wind tunnel with a 50-in. -diam test section* Because
of changes in boundary-layer thickness due to changing pressure level,
the Mach 8 contoured nozzle produces an average test section Mach num-
ber which varies from 8.02 at a stagnation pressure of 100 psia to 8.10 at
800 psia. The centerline flow distribution is uniform within +1 percent
in Mach number, whereas off-center the flow is uniform to about +0. 3 per-
cent. There is a slight axial gradient on the order of '0.01 Mach number
per foot.

The continuous tunnels at the von Karman Gas Dynamics Facility
are driven by a 100, 000-hp central compressor system arranged to pro-
vide a total of nine stages of compression. For operation of Tunnel A,
up to five stages of compression are utilized to provide a Reynolds num-
ber range from 0.3 x 106 to 9.0 x 106 per ft at M, = 1.5 and from .
0.4 x 106 to 4.3 x 106 at M, = 6. Variable densities are obtained at each
Mach number by introducing air from a 5300-cu-ft, 4000-psia storage
system. Below Mach number 4, the tunnel is opera’éed at stagnation tem-
peratures of approximately 100°F, whereas for tests at the higher Mach
numbers, this temperature can be raised to a maximum of 300°F to .
prevent test section air liquefaction. Supply air is processed through
large capacity, silica-gel driers to maintain an absolute humidity below
0.0001 1b of water per 1b of air (dew point of -35°F at atmospheric
pressure).

Stagnation pressures up to approximately 800 psia are supplied to
Tunnel B by the compressor system. A propane fired heater produces
a maximum air temperature of 900°F, sufficient to prevent liquefaction
of the air in the test section.

MODEL .

The model (Figs. 3 and 4}, designed and built by the VKF, consisted
of two sections: (1) a cylindrical body 5. 80 in. in diameter and 31. 55 in.
" long, and (2) a hemispherical nose section of 2. 90-in. radius, 7.60 in,
long. The overall model was 6. 75 body diameters or 39. 15 in. long.

The model was instrumented with 28 pressure orifices arranged
in a single ray along the body from the stagnation point. The hemi-
spherical portion of the nose section contained 10 orifices spaced at
10-deg intervals from the stagnation orifice. Three additional orifices
on the nose section were equally spaced beginning at 1 in. from the
shoulder orifice. The pressure orifice arrangement on the cylindrical

10
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2]

body section began 0. 625 in. beyond the nose-body joint, and orifices
were equally spaced at 2-in. intervals to within approximately one-half
of a body diameter of the model base.

INSTRUMENTATION AND PRECISION OF RESULTS

Model pressures in Tunnel A were measured with a system of 15-,
5-, and 1-psid transducers connected to orifices along the body in such
a manner as to give the desired sensitivity depending upon orifice loca-
tion. These transducers will record pressures to a precision of approxi-
mately 0.1 percent of the rated capacity.

In Tunnel B, model pressures were measured with a sequential pres-
sure switching system having nine synchronized valves, each valve being
connected to a 5-psid transducer. To attain various ranges of instrument
sensitivity, seven reference pressures which could be varied in approxi-
mately 2-psia increments from a near vacuum were available. FEach
transducer was calibrated for a range of +0.3, +0.6, and +1. 2 psid, and
these ranges, in conjunction with the seven reference pressures, were
automatically selected to insure the best available precision of pressure
measurement,

The pressure distribution data presented in this report are subject
to the following uncertainties based on repeatability of measurements:

Nominal M, Px/ Pg
2 ' +0.010

O WUk W
H-
o
o
[\
(92}

TEST PROCEDURE

The conditions at which these tests were conducted are summarized
in the table on the following page:

11
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Nominal M Po. pSia Tqs °R Rex10‘6, per inch

2 8.1" 555 0.17
3 32.3 605 0.35
4 71.9 623 0.44
5 150. 7 655 0.51
6 174.5 683 0.37

174. 8 738 0.33
8 650 1340 0.22

All data presented were obtained at zero angle of attack and zero-
deg roll angle.

Photographs to define the shock wave shape at supersonic Mach
numbers were made with a double-pass schlieren system and a shadocw-
graph system which was utilized strictly for photographs of the nose
region (see Fig. 3). In Tunnel B, a conventional, short-range,
divergent ray, spark shadowgraph system was used to record flow
patterns about the nose of the model.

RESULTS AND DISCUSSION

NOSE PRESSURE DISTRIBUTIONS

Pressure distributions over the hemispherical nose of AGARD
Model E at all test Mach numbers, as given in Table 1, are presented
in Fig. 6 along with other M, = 6 data obtained in the VKF (Ref. 2)
and certain results at Mach numbers 1. 97 and 3. 04 by Perkins and
Jorgensen as presented in Ref. 3. Theoretical comparisons to the
experimental data in the form py/p, are afforded by the modified New-

tonian approximation (Cp = Cp cos26) and by the solutions of Van
max

Dyke and Gordon for a sphere with y = 1.4 (Ref. 4). In additicn, the
experimental results are compared with a prediction of the local pres-
sure ratio obtained by the following empirical expression for local
pressure coefficient (Ref. 3).

Cp = 2 cos’ O - (2 - Cpmnx) cos @ (1)

The modified Newtonian approximation has long been known to give
satisfactory predictions within certain restrictions, and, except for
the results at M, = 6 and 8, good agreement is shown here until the
nose-cylinder junction is approached. The solution at the shoulder
(6 = 90 deg) gives py = P, Which is generally valid only for the lower

12
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Mach numbers. By matching the Newtonian approxiration with the
Prandtl-Meyer relation at the point on the surface where both the pres-
sure and the pressure gradient given by the two formulas are equal, the
pressure distribution may be predicted to the shoulder. For the present
comparisons, this approach was used for M_ = 6 and 8 and is in excellent
agreement with the experimental results.

The methods of Ref. 4 which, for a sphere, results in the '""Newtonian
plus centrifugal' analytic approach of Busemann, also show excellent
agreement with experimental points. These predictions, as stated by
Van Dyke and Gordon, do not extend to 6 = 60 deg where the Newtonian
theory plus centrifugal force effects results in the pressure at the sur-
face heing zero (py = 1 - 4/3 sin2 9).

It should be noted that the solutions presented in Ref. 4 were obtained
for what herein are called nominal Mach numbers. These solutions were
used strictly as given by shifting the ordinate to correspond with the theo-
retical px/pm depending on the calibrated Mach number. Also, the pre--
dictions for M, = 8.10 required an interpolation between Mach numbers 6
and 10, which apparently was satisfactory.

To obtain the empirical expression given in Ref. 3 for the pressure
distribution, the assumption was made that the expansion of the flow
over the hemisphere is similar to that predicted by Newtonian theory
but differs from theory by an amount which varies approximately as-
the cosine of the angle 8. The approximation provides results which’
agree well with experimental findings but, like the Newtonian theory at
high Mach numbers, is inadequate as the shoulder is approached.

PRESSURE DISTRIBUTIONS ALONG THE CYLINDER

Table 2 gives the e¥perimental pressure distributions along the
cylindrical body, and these resulis are compared with the theoretical
methods of Love (Ref. 5) in Fig. 7. The method of Ref. 5 for M, >>1
may be taken as a modification of blast wave theory since the blast wave
pressure decay laws were utilized. Love I s suggested the use of the
experimental shoulder pressure to bring th predicted pressure distribu-
tions into closer agreement with experimental values. This was done for
all test Mach numbers with the difference between the purely theoretical
and the '"theoretical plus experimental' approaches being shown for
M, = 6.02. It is interesting to note that for M, = 8. 10 the shoulder pres-
sure was exactly as predicted by Love, and modifications were not needed.

13
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The approximate solutions, based on blast analogy, of inviscid,
hypersonic flows about simple slender bodies as suggested by J. Luka-
siewicz in Ref. 6 were also used for pressure distribution comparisons
at M, = 5.06, 6.02, and 8.10. To use the methods of Ref. 6 (v = 1. 4),
one must know, in addition to M, the drag coefficient which defines
the flow field. For the comparisons shown, the drag coefficients used
were the experimentally determined values of C at the appropriate
Mach numbers. Here one should note that the second approximation
for the pressure distribution (axisymmetric flow) given by Ref. 6
greatly improves the predictions afforded by the first approximation,
and although deficiencies exist near the shoulder region, agreement
with experimental data improves in the aft region of the body.

PRESSURE DRAG

A comparison between experimental pressure drag coefficients and
values determined with the modified Newtonian approximation are pre-
sented in Table 3 and shown in Fig. 8. The theoretical values are
slightly higher than the experimental results as would be expected since
the modified Newtonian pressure distributions presented in Fig. 6 are
higher than the experimental results; specifically for 6 values between’
20 and 60 deg where the section loading is high as opposed to beyond
60 deg. Here the local surface slope is small and will not result in an
appreciable change in pressure drag even though there exists in some
cases large differences between the theoretical predictions and experi-
mental results (see Fig. 6, M_ = 6.03 and 8. 10).

It was shown in Ref. 3 that the pressure distributions follow closely.

an empirical relation (see Eq. 1) which results in the expression,
2 C -1

Cp.~= Prrs}ax . Pressure drag values determined in this manner
p

‘ agree well with-the majority of the experimental data presented in Fig. 8.

. SHOCK WAVE SHAPE

The experimental shock wave shape coordinates given in Table 4
were obtained from scaling schlieren photographs similar to Fig. oda.
Figure 9 presents a comparison between these experimental shock wave
shapes and the theoretical shapes obtained by the methods of Ref. 11.
Excellent agreement with experimental results is shown for Mach num-
bers 1.99, 3, and 4.03, whereas small deviations exist for the higher
Mach numbers. The first and second approximations for shock wave

14
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shape as given by blast analogy (Ref. 6) are included for comparisons

at Mach numbers 5. 06 and 6.03. Here one should note that although the

experimental shock wave is displaced from the body more than predicted
by blast analogy, the second approximation affords predictions of shock

wave slope.

BOW SHOCK WAVE DETACHMENT DISTANCE

Bow shock wave detachment distances at all test Mach numbers were
obtained from measurements of photographs similar to Fig. 5b and are

_presented in Fig. 10. The methods of Ref. 11, which were used for pre-

dicting shock wave shgpes show excellent agreement with empirical
bow shock wave detachment distances. The theory presented i~ Ref. 4
also gives satisfactory results. All of these theoretical predictions,
excluding Ref. 12, for Mach numbers above 4 predict detachment dis-
tances greater than experimentally determined values.

CONCLUDING REMARKS

Tests were conducted at ‘Mach numbers 2 through 8 at zero angle
of attack to obtain pressure distribution and optical data on AGARD
Model E for comparison with theoretical predictions of pressure distrib-
ution, pressure drag coefficients, shock wave shapes, and bow shock
wave detachment distances. .The results of these investigations indicate

that:

1. Excellent agreement with theory in the shoulder region was
obtained at Mach numbers above 5 by matching the Newtonian
appr oximation with the Prandtl-Meyer relation at the point
on the surface where the pressure gradient and pressure
given by the two relationships are equal.

2. The modified Newtonian approximation generally overestimated
the pressure distribution but when modified by an empirical
relation from Ref. 3 agreed well with experimental results.

3. Pressure distributions over a hemisphere can be closely
predicted by the methods of Ref. 4 for 8 less than 40 deg.

4, Along the cylindrical body downstream of the hemispherical
nnse, the methods presented by Ref. 5 do not give satisfactory
predictions of the pressure distribution.

15
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5. Pressure drag coefficients for a hemisphere are overestimated
using the modified Newtonian approximation but agree well
with an empirical relation given in Ref. 3.

6. The methods of Ref. 11 afford a good prediction of shock
wave shapes for the hemisphere-cylinder model.

7. References-11 and 4 give a good approximation of bow
shock wave detachment distances.
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TABLE 1
VARIATION OF p_/p_ WITH HEMISPHERICAL NOSE ANGLE ¢
M, 1.99 {3.00 | 4.03 | 5.06| 6.02| 6.03] 8.10
Re/in. x10-0{0.17 |0.35 | 0.44 | 0.51 | 0.33| 0.37]| 0.22
Orifice [Nose Angleg
No. deg
1 0 £.598 12.07 |21.35 |33.56 | - [L7.L3 -
.2 10 ©.L33 f1.63 120.5k {32.29 |[L5.65 |L5.67 |83.L5
3 20 5.0C6 10.55 |18.50 [28.87 - LC.98 173,03
i 30 1,319 | 8.879 [15.39 {23.93 - 33.89 {60.7L
5 110 3.5A8 | 7,075 |12.09 |18.70 - 2£.39 {L6.61
6 50 2.759 | 5.21k | &.702(13.29 |18.LL |18.72 |32.8L
7 "~ 60 2.073 | 3.6L& | 5.911| B8.9C9(12.52 {12.52 {21.51
8 70 1.L37 12.3h9 | 3.686( 5.396| 7.L.28| 7.56,|12.9¢
9 80 €,951:9] 1.L09 | 2.135| 3.C51| L.237| L.252| 7.230
10 90 C.A2820 0,8303| 1.238| 1.698| 2.262| 2.341| 3.823
‘ _ TABLE 2
VARIATION OF p_/p. WITH DISTANCE DOWNSTREAM OF THE SHOULDER POINT
M 1.99 | 3.00|4.03 | 5.06 | 6.02! .03 8.10
Re/in. x10-°{0. 17 0.35 | 0.44 0.51 | 0.33] 0.37( 0.22
g;%fice. x/d
10 0.5000 0.6282 | 0.83C3]1.237 |1.698 | 2.262{2.341 | 3.823
11 0.672L 0.6929 | 0.8072]1.159 |1.516 | 2.022]|2.035 | 3,277
12 0.8LL8 0.75C3 4 0.82L111.122 11,452 - - 3.06€
13 1.0173. 10.7919 | C.8L:52)1.113 |1.386 | 1.916(1.87L -
1h 1.4182 ° 0.8359 | 0.8423{1,020 |1.251 { 1.729{1.7L3 |2.505
15 1.763C ° C.8768 | Cc.87L7]C.9892 |1.193 - 505 12,217
16 2.1079 0.9111 | C.8R09|0.9hLE |1.122 - |[1.503 |2.052
17 2,527 0.5475 | .8800(0.9257 |1.061 | 1.333(1.386 |1.891
18 2.7975 - 0.87C6| - - - - 1.754
19 | 3.1k2k 1.01L | 0.8681|C.6789 |0.9535 1 1.149]1.219 |1.657
2C 3.L872 1.0L2 |C.87¢5|0C.8707 |0.9299 | 1.107]1.182 {1.557
21 3.832C - 0.8713| - - 1.065| - 1.472
22 i, 1768 1.015 |[0.8561{0.8621 [0.8788 - - 1.L07
23 L.5217 1.038 |0.8927 - - - - 1.374
2l li BEES 1.009 |0.8898[0.859L {C.8765|1.039]1.12L {1.336
.25 5.2113 1.019 {0.9008|0.&8687 |0.8677 | 1.019{1.117 |1.286
26 5.55642 1.031 }0.931L{0.8899 |C.BE77 - 11.113 -
27 5.901C 1.C18 [0.9127]0.8865 [0.8595 | 1.C15(1.101 {1.1L7
28 6.2L58 1.021 }0.9200{0.8982 {0.85L8 | 1.013(1.080 |1.149

19
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TABLE 3

COMPARISON OF EXPERIMENTAL PRESSURE DRAG COEFFICIENTS

TO MODIFIED NEWTONIAN PRESSURE DRAG COEFFICIENTS

cDp
Modified
M I/MZoo Re/in.x 10-6 Experimental Newtonian
1.99 0.252 C.17 0. 7RRA 0.R279
3.00 0.111 0.135% 0.8L80 C.8779
L.03 0.062C c.ub ¢.8712 0.8968
5.06 (£.0392 c.51 00,8748 0.90L¢
6.03 0©.0275 C.37 0.884A, 0.9091
8.10 ©.01F2 C.22 £.9000 C.9139
TABLE 4
EXPERIMENTAL SHOCK WAYE SHAPE COORDINATES
M, =1.99 Mg,=3 M=4.03 M= 5.06 My =6.03
x/d | R/d | x/d | R/d | x/d | R/d | x/d | R/d x/d R/d
G |0.505 0.352] ¢ C. 315 0 C.268 0 0.16£
0.085/0.659|C.055|0.L8E|0.CRS | 0.L&B | C.085 | C.L27 | 0.085 | 0.378
0.17¢{0.811/0,17C|{C.A07|C.17C | 0.773 | C.170 | 0.516| 0.170 | C.505
0.25L1 0.911|0.25L! C.698|C.250 | 0.667 1 0.25L | 0.6C2 | c.25L | 0.580
C.33%9|1.01&{0.339|/C.785|0.339 | G.72L | 0.339 | 0.661 ] 0.339 | C.652
C.Lh2u11.117|0.L2L;C.855|C 2l | ©.BO9 | C.L2h | C.729 | C.L2h | 0.726
0.509!1.2C7{C.5C9!0.92110.509 | 6.850 1 €.509 | ©.791 ] 0.509 | ©C.796
<0.593/1.299{C.593/C.988|0.593 | ¢.917 | C.593 | 0.857 | ©.678 | 0.883
C.67811.396|C.678{1.055(C.678 | 0.987 | 0.678 | 0.90% | C.848 | 0.971
C.76311.L77{0.763{1.116|0.8L,5 | 1.081 | C.8LB | 0.996 | 1.C17 | 1.065
Cc.84811.559{Cc.8L8}1.179]1.017 | 1.168 {1.017 | 1.092 | 1.187 | 1.135
0.932/1.€29/0.932|1.230{1.157 | 1.261 11,1687 | 1.1B6] 1.3% 1.198
1.01711.721{1.C171.286(1.356{ 1.3h2 | 1.356 | 1.250| 1.525 | 1.261
1.20211.802]1.102{1.339]1.726 | 1.LLC | 2.524 | 1.323]1.695 | 1.333
1.167/1.87011.1871.3293|1.695 | 1.513 | 1.695 | 1.L07 | 1.8A5 | 1.LOCS
1.27201.90411.272| 1.V hAl1.RAS | 1,586 [ 1.845 | 1,821 2,03L | 1.L%8
1,356 2.01h{1.3%4]3.h9R]2.03: | 1,674 | 2.C3L | 21.5301 2,20k | 1.58732
1.52¢2.10.{1.524|1.59312.72C | 1.7:8 | 2,20k | 1.589( 2.373 | 1.588
1.695] 2, 28R|1.49511.649412.373 | 1.818 | 2.313 | 1.A5L | 2.5L43 | 1.663
1.865)2.3211.865|1.76¢412.543 | 1.FR3 | 2.°L43 | 1=73C | 2.8B82 | 1.78€
2.C3|2.577{2.0341.791|2.8F2 | 2,022 | 2.R62 | 1.839| 3.221 | 1.870
2.20L|2.69712,20L|1.963]3.221 | 2,171 | 3.221 | 1.950| 3.5A0 | 1.982
2.3722.R2912.373{ 2, CAPIR,EAC | 2,284 1 3,740 | 2,063 3.899 | 2,085
2.543]|2.955] 2,712, 2,232]3.599 | 2,010 | 3.F9S | 2.1B2 | L.238 | 2.17L
2,713] 3.C813.C522.30G k.23 | 2.631 | )..236 | 2.282 | L.577 | 2,256
2.88213.189(3.391(2.55L|L.S77 | 2. 649 | L8577 | 2.375 | L.916 | 2,328
3.05203,231]3.730{2.7001L.516 | 2.775 | L.S16 | 2.L8L} 5.256 | 2.L32
3.221|3.L32{L.CE9(2.875(5,256 | 2.783 | 5.25¢ | 2.539|5.595 | 2.521
L. L08[2.99815.565 | 3.009 | 6.595 | 2.71L| 5.93h | 2.595
Lo7L713.15315.930 1 3,117 | 5.93L | 2.°CL | A.273 | 2.69h
§.086(3.300(6.273 1 3.2L0 | A.273 | 2.911 | 6.612 | 2.796
5,425 (3. LLB|E.A12 | 3.351 | A.€L12 3.018 | A.751 | 2,829
6,751 | 3,405 | 6,751 | 3.071
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PRESSURE RELIEF FORTS-

«NOZZLE FLEXIBLE PLATE,

P e e Y

POINT OF MODEL ROUU’/O/V/ /'CAMERA PORT LOCATION

- VIEWING

WINDOWS
STILLING CHAMBER NOZZLE TEST SECTION DIFFUSER

Assembly

! EDC M
SE 59 635.1

P

Nozzle and Test Section

Fig. 1 Tunnel A, a 40 by 40-in. Supersonic Wind Tunnel

21



AEDC-TN-61-96

12na
yiasnddia

NOI1J3S Hv39
1¥30d4dnS T300W  3ON3IQIONI

NOI123S S
1VO¥HL 31ZZON

|
dl

|
3

[ e~ U | TOUNENURRY S PR

. T - : A
rrra LRI 4

— 31Z ZON MOd
G38NOLNOD B8-N HILVM

NOIL1D3S
N33HOS ANV ONIXIN

ONIY
NOILVINIWNHLSNI

NOILD3S
NOiLOVHLINOD

&

22



AEDC-TN-61-9%

~A.:os_...vuu 12POW £ .m_n_

pautzoad
g or8uy pue I uoTlsuawid

K ———

L3

¢1'6¢
unI1oos Apod TeOTaIpultid

UOT3008 OSON |
Teotxayds Tway

GG 1¢"

—r 09° L

08°'6 =P - _ 7
€6°C T “ \\\\
. . , aopInoys
8% °"ON 992TJT.0 . vH %z .
d woA‘,
IJTI0 JuTod
uorjeuldels
T ‘ON 922I3Ta0

seyoul ut suotsuswId TV

23




AEDC-TN-61-96

24

Fig. 4 AGARD Model E



|
|
|

(8%
r

Selected Flow Patterns

g. 5

Fi



AEDC-TN-61-96

b. M_ - 4.03, Re/in. ~ 0.44 x 105

Fig. 5 Concluded
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20 f— . . .
Present Investigations 9
T80 A M_ - 8.10; Re/in, = 0,22 x 106
"OM_=6.00 Ret. 2 O M_ = 6.03; Re/in. = 0.37 x 106 -
O M = 506; Re/in, = G.51 x 106
< M_ = 4.03; Re/in. = 0.44 x 106
70 .
Theory ’
. —— Modified Newtonian
60 P SN\ - e, Ref. 4 .
-j-i-i- Prandtl-Meyer Expansion
—-— Ref. 3
50 |-
. . C .
p./P, ©
40 |- @
C =
) L/
30 + T N N .
° 3 N .o
> .
< - )
\\\\ . R\\ \
d 2 ‘~b\ N %\
20 0 \Q
D . * N \ \\X
X \ N, \/\,‘,
. \\‘ WA
. . ‘u\ ’h,
o |- e
1 = \q g,
\ //\I
\ \o-‘ I~A
0 ul | i I\ !
0 10 20 : 30° 40 50 60 70 80

Angle 9, deg

Fig. 6 A Comparison of :E;cperimentul Pressure Distributions over the
Hemispherical Nose with Theoretical Predictions
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2.4
O Present Investigations
2.0 |- g -
ZHEORY
Ref. 5 -
~~—~— Ref. 5 with Experimental .
Shoulder Pressure ..
1.6 15t ApproX-------— Hypersonic Flow-Blast
" 2nd Approx——-——— JAnalogy; Ref. 6 -«
« ‘Note: A portion of the curve for the 1lst- Approx
has been omitted for clarity. .
1.2
- M = 6.02 )
~—o Re/in% = 0.33 x 10%
0.8 |- T~
P/P,, - - ——
M, ¥_ = 5.06
0.4 L& ~~2._ O © O 0 0O Re/inT = 0.51 x 10°
. ——— )
. M = 4,03
{;4 EN © 0 0 O O O Re/in® - 0.44 x'206
- ) - v B - ¥_-3.00 °
. - o] (o] o . .
. o/oo 0 © 00 0006 g © 00O © © Re/in” - 0.35 x 10°
0.4 — o .
e ° a0 % c 0 0. a9 M ='1.99
- .7 © . Re/in. = 0.17 x 10%
3 / o ©°
0.4 = /o ° . .
o/o
2 | ) !
0.4 1 | 1 | —_
[¢] 1.0 2.0 3.0 4.0 .5.0 6.0 7.0 8.0
x/d
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R URY 1st Approx Hypersonic Flow-Blast
2.8 \ \%:hd Approx Analogy; Ref. 6
2.4 |
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1.2
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0.4 L L ! ! I ] 1 _
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DEPARTMENT OF THE AIR FORCE
HEADQUARTERS ARNOLD ENGINEERING DEVELOPMENT CENTER (AFMC)
ARNOLD AIR FORCE BASE TENNESSEE

MEMORANDUM FOR DTIC-OCQ 7 JUN 2002
8725 John J. Kingman Road
Fort Bel;voir VA 22060-6218
Attn: Larry Downing, 703-76-0011

FROM: AEDC/IN-STINFO

251 First Street

Arnold AFB TN 37389-2305
SUBJ: Change in Distribution Statement/Restrictions
1. The below listed Technical Report has been reviewed by the OPR and it has
been determine that there are no restrictions required on this report and should be
made available to the general public, Distribution Statement A:

AEDC-TN-61-96

2. Point of contact is the undersigned at DSN 340-7329 or Com 931-454-7329.

MO LQQ
J. AMPBEgé
AE Stinfo O r



